Objective: To assess cause-specific mortality in women treated for ductal carcinoma in situ (DCIS). Background: From screening and treatment perspective, it is relevant to weigh the low breast cancer mortality after DCIS against mortality from other causes and expected mortality in the general population. Methods: We conducted a population-based cohort study comprising 9799 Dutch women treated for primary DCIS between 1989 and 2004 and estimated standardized mortality ratios (SMRs). Results: After a median follow up of 9.8 years, 1429 patients had died of whom 284 caused by breast cancer (2.9% of total cohort). DCIS patients <50 years experienced higher mortality compared with women in the general population (SMR 1.7; 95% confidence interval, CI: 1.4-2.0), whereas patients >50 had significantly lower mortality (SMR 0.9; 95% CI: 0.8-0.9). Overall, the risk of dying from general diseases and cancer other than breast cancer was lower than in the general population, whereas breast cancer mortality was increased. The SMR for breast cancer decreased from 7.5 (95% CI: 5.9-9.3) to 2.8 (95% CI: 2.4-3.2) for women aged <50 and >50 years, respectively. The cumulative breast cancer mortality 10 years after DCIS was 2.3% for women <50 years and 1.4% for women >50 years treated for DCIS between 1999 and 2004. Conclusions: DCIS patients >50 years had lower risk of dying from all causes combined compared with the general female population, which may reflect differences in health behavior. Women with DCIS had higher risk of dying from breast cancer than the general population, but absolute 10-year risks were low.
D
uctal carcinoma in situ (DCIS) is a proliferation of neoplastic cells confined to the ductolobular system-that is, without invading the surrounding breast tissue. It is a heterogeneous disease entity ranging from indolent, harmless DCIS to aggressive lesions with high invasive potential. 1 As such, some DCIS lesions may progress into invasive breast cancer (IBC), and ultimately to fatal metastatic disease, whereas many DCIS lesions will never become invasive. 2 The low risk of death from breast cancer among DCIS patients 3, 4 may be because of effective treatment, the potentially indolent and slow-growing nature of most DCIS, or both.
Most DCIS cases are picked up by breast cancer screening mammograms. 5 Women with screen-detected breast lesions are generally in good health and do not experience any breast changes or symptoms. It is not surprising that inaccurate risk perceptions and anxiety in women diagnosed with DCIS are frequent. 6, 7 DCIS patients are generally told that they do not have cancer and have normal life expectancy, but may experience short-and long-term morbidity from the invasive treatment, which is in many respects similar to that for women with IBC. Therefore, the treatment decision-making process in DCIS is complex and controversial.
To fine-tune current practice and reduce confusing perceptions, there is an ongoing need to provide accurate information to DCIS patients and their health-care providers about the risks involved. Several population-based studies have studied breast cancer-specific mortality among DCIS patients, 4, [8] [9] [10] but only a few assessed competing causes of death or comprehensively compared these with that of the general population.
3,11 Therefore, we assessed the likelihood of breast cancer-related death in DCIS patients and compared cause-specific mortality with rates expected based on mortality in the general population.
METHODS

Data Collection and Patient Selection
The Netherlands Cancer Registry (NCR) identified all women who were diagnosed with noninvasive breast cancer as first primary neoplasm between 1 January 1989 and 31 December 2004 in the Netherlands. 12 The NCR provided date of birth, diagnosis and death, topography, morphology, grade, stage, type of surgery, and whether radiotherapy, chemotherapy, and/or hormonal therapy were administered, and data on subsequent neoplasms. Follow up on subsequent malignancies and vital status was complete until at least 1 January 2010. Linkage with the nationwide network and registry of histology and cytopathology in the Netherlands (PALGA) was used to validate and complete missing data on surgery type and to exclude patients with Paget disease, which the NCR had not registered as such. 13 From an initial pool of 12,305 women we excluded those who were diagnosed at time of death (n ¼ 4), whose DCIS was not histologically confirmed (n ¼ 21), whose morphology was not pure DCIS (n ¼ 2,094), who were diagnosed with an IBC or second breast carcinoma in situ within 4 months of DCIS diagnosis (n ¼ 146), who received chemotherapy or hormonal therapy as part of DCIS From the treatment (not recommended in the Netherlands) (n ¼ 109), and who were not surgically treated or for whom surgery type remained unknown (n ¼ 132).
To obtain information on cause of death the cohort was linked with the nationwide cause of death registry at Statistics Netherlands. For analyses, age was categorized or subdivided into 2 groups of <50 and !50 years based on eligibility for the Dutch populationbased breast cancer screening program.
14 Between 1989 and 1997, women >69 years, and between 1998 and 2004, women >75 years were not eligible for screening, but these women were added to the !50 years group in our analyses.
Initial DCIS treatment was defined as the treatment strategy for the primary DCIS within 3 months of diagnosis and was subdivided into 3 categories: BCS alone, breast-conserving surgery (BCS) plus radiotherapy, and mastectomy. We categorized year of diagnosis into 2 periods, reflecting the gradual implementation of the screening program: 1989 to 1998 (implementation phase) and 1999 to 2004 (implementation completed), and the treatment guideline shift from mastectomy toward BCS plus radiotherapy for screen-detected smaller DCIS. Grade was classified according to the method by Holland et al. 15 Information on grade was available for 24% of the women diagnosed between 1989 and 1998 and for 83% of the women diagnosed between 1999 and 2004.
All data were coded and anonymous to the researchers. The study was approved by the review boards of the NCR, PALGA, and Statistics Netherlands.
Statistical Analysis
To estimate cause-specific excess mortality, we compared observed deaths in the study population with expected number of deaths in the Dutch female population, taking into account the person-years of observation in the study cohort. Expected numbers were calculated based on the corresponding sex-, age-, and calendar period-specific mortality rates in the general Dutch female population provided by Statistics Netherlands. We estimated standardized mortality ratios (SMRs) as ratios of observed and expected numbers of death. Absolute excess mortality (AEM) was calculated as the observed number of deaths minus the number expected, divided by the number of person-years at risk, and multiplied by 10,000. 16 We stratified results for major causes of death by age group, treatment type, period of diagnosis, occurrence of subsequent IBC, and follow-up interval. In addition, we estimated SMRs for breast cancer by grade for women diagnosed between 1999 and 2004. Tests for homogeneity and trends of SMRs were performed within collapsed person-time Poisson regression models. We evaluated the likelihood of a model with a continuous variable or a variable representing the classes of a categorical variable as discrete value, respectively, against the likelihood of a model without that variable.
We estimated the absolute risk of breast cancer mortality using death caused by other causes as a competing event. To quantify the effects of DCIS treatment, age at DCIS diagnosis, period of DCIS diagnosis and DCIS grade on breast cancer mortality, within cohort comparisons were performed using competing risk regression models with death caused by causes other than breast cancer treated as competing risk. 17 We performed univariable and multivariable analyses to calculate unadjusted and adjusted subdistribution hazard ratios (SHR) and 95% confidence intervals (95% CI). In addition, we performed regression analysis by diagnostic period. To evaluate the impact of a subsequent ipsilateral or contralateral IBC on breast cancer mortality we added these as time-dependent variables in a second multivariable-adjusted model. Women who developed IBC contributed person-time to the ''no subsequent IBC'' group until IBC diagnosis, and subsequently to the ''subsequent IBC'' group. (Fig. 1 ). For most other categories the observed number of deaths was lower than the expected number; however, these differences were not statistically significant (See Table, Supplemental Digital Content 1, http://links. lww.com/SLA/B208, which demonstrates an extended list of causes of death).
Standardized mortality ratios for all causes and breast cancer differed by age at diagnosis, diagnostic period, and follow-up interval (Table 3 ; Supplemental Digital Content 2, http://links.lww.com/ SLA/B208, which demonstrates SMRs by subsequent IBC and follow-up interval). Compared with the general female population, women with DCIS <50 years had increased risk of dying from all causes combined (SMR 1.70; 95% CI: 1.42-2.03), whereas DCIS patients >50 years had lower risk (SMR 0.88; 95% CI: 0.83-0.93). With regard to breast cancer mortality women <50 years had higher risk of dying compared with the general population than women >50 years (SMR 7.46; 95% CI: 5.89-9.32 and SMR 2.76; 95% CI: 2.39-3.16, respectively; P homogeneity < 0.001). When studying smaller age groups, we observed that the SMR for breast cancer decreased with increasing age (SMR 23.20; 95% CI: 15.65-33.11 to SMR 1.91; 95% CI: 1.11-3.06 for women aged <40 years and >75 years, respectively; P trend < 0.001).
Compared with the general population women diagnosed between 1999 and 2004 were less likely to die from any cause (SMR 0.82; 95% CI: 0.74-0.90), whereas women diagnosed earlier had a similar risk (SMR 0.96; 95% CI: 0.91-1.03). The SMR for breast cancer was lower for women diagnosed with DCIS between 1999 and 2004 (SMR 2.09; 95% CI: 1.60-2.68) than for those diagnosed between 1989 and 1998 (SMR 3.97; 95% CI: 3.47-4.53; P homogeneity < 0.001). Compared with the general population DCIS Distribution of age, DCIS grade, and diagnostic period was similar between women who did versus did not have a registered IBC, and died from breast cancer. Distribution of DCIS treatment was different among patients who died from breast cancer: women without subsequent IBC had more often undergone mastectomy, whereas women who experienced IBC had more often received adjuvant radiotherapy. In a subgroup analysis in which women who had died from breast cancer without experiencing IBC were censored, the FIGURE 1. Observed and expected number of deaths from various disease categories in population-based cohort of 9799 DCIS patients (P < 0.05). 
Absolute Breast Cancer Mortality: Subgroups Comparisons
Absolute breast cancer mortality was 1.0% at 5 years after DCIS diagnosis, 2.5% at 10 years, and 4.0% at 15 years (See Table, Supplemental Digital Content 4, http://links.lww.com/SLA/B208, which demonstrates absolute breast cancer mortality). Women <50 years at DCIS diagnosis had an absolute risk of dying from breast cancer of 4.6% at 15 years, whereas the risk for women >50 years was 3.8% at 15 years. Stratified by treatment the absolute risk estimates at 15 years were 4.7% for BCS alone, 3.8% for BCS plus radiotherapy, and 3.6% for mastectomy (Fig. 2) . Women diagnosed with DCIS between 1999 and 2004 had lower absolute risk than those diagnosed between 1989 and 1998 (10-year risk 1.5% vs. 3.1%, respectively; P < 0.001). The 10-year absolute risks for women treated between 1999 and 2004 stratified by age were: 2.3% and 1.4% for women <50 and >50 years, respectively.
Using multivariable-adjusted competing risk regression analysis, women <40 years at DCIS diagnosis were at higher risk for death from breast cancer (hazard ratio, HR 1.99; 95% CI: 1.32-3.01) compared with DCIS patients aged 50 to 59 years, who in turn had the lowest risk of dying from breast cancer (See Table, 
DISCUSSION
In this large, nationwide study with 10 years of follow up, we evaluated cause-specific mortality in DCIS patients compared with the general population and we examined factors associated with mortality from specific causes. We observed that DCIS patients experienced lower mortality from diseases of the circulatory, respiratory and digestive system, mental and behavioral disorders, endocrine, nutritional and metabolic diseases, and cancer other than breast cancer. DCIS patients >50 years at diagnosis, which represent the majority of the DCIS population, had lower all-cause mortality than the general female population, whereas the relative risk of dying due to breast cancer was 2.8 times increased.
Women <50 years at diagnosis had a 1.7 times increased risk of dying compared with women in the general population, which could be because of their increased breast cancer mortality. Only 6 percent of the DCIS study population was <40 years at DCIS diagnosis, but these women had a 23-times greater risk of dying from breast cancer than expected. Importantly, this highly increased relative risk results from a very low expected number of breast cancer deaths in the general population <40 years. Also the results from our within-cohort analysis show that age <40 years was associated with increased breast cancer mortality. An explanation for this finding might be that younger women possibly more often have a larger extent of symptomatic DCIS resulting in a higher risk of unrecognized invasive disease. Our results are in line with a study by Narod et al 4 and emphasize the importance of differential counselling of younger and older women diagnosed with DCIS. However, these young women and their DCIS may not optimally represent young patients and their noninvasive disease today (because of more opportunistic screening and awareness). Therefore, we want to stress that our results do not provide evidence that these women should be treated more intensively, for instance using hormonal treatment.
Intuitively, it is very unlikely that the better life expectancy among DCIS patients >50 years is related to the DCIS in itself. A more plausible explanation may be differences in lifestyle characteristics as DCIS patients seem to represent a generally healthy subgroup of the general population. 3, 11 In our study, women with DCIS had lower risk of dying caused by cardiovascular and respiratory disease and lung cancer, conditions that are largely caused by lifestyle factors. Notably, DCIS patients treated by radiotherapy were also at decreased risk for cardiovascular death compared with the general population, which has also been reported in a previous study in this cohort. 18 DCIS is mostly detected by screening, and it has been suggested that women who adhere to mammographic screening may be more health-conscious, more often belong to higher socioeconomic classes and have lower comorbidity, resulting in a healthy screenee effect. 3, [18] [19] [20] This is in line with our finding that women diagnosed with DCIS between 1999 and 2004 (attendance of population-based screening 80% 14 ) and women >50 years (eligible for screening) experienced lower mortality, whereas women diagnosed between 1989 and 1998 (implementation phase) had equal risk to their general population counterparts. However, a previous study that tried to account for this bias by adjusting the models for previous mammography use, comorbidity, and health care utilization seem to contradict a healthy screenee effect. 21 They reported that women >66 years diagnosed with DCIS had similar comorbidity and visited primary care with similar frequency as their controls, and also concluded that a DCIS diagnosis in older women was associated with better survival. Nonetheless, in their discussion they state that ''If there is a mortality risk for DCIS [. . .], the risk is likely low and not strong enough to counterbalance a healthy user effect.'' Another hypothesis is that DCIS patients may seek more medical attention and might adopt a healthier lifestyle after their diagnosis, allowing for prevention or earlier diagnosis and treatment of other diseases.
Similarly to previous studies, 3, 4 we observed that the 10-year absolute risk of breast cancer mortality in DCIS patients was low and declined for DCIS patients diagnosed in more recent years. This decline in absolute mortality may be because of a decrease in unrecognized IBC at DCIS diagnosis, as radiological and pathological assessment, and treatment selection have improved. Further, in more recent years, with breast screening fully implemented, more indolent DCIS could have been detected, resulting in over diagnosis.
Treatment effects on breast cancer mortality found in our study should be interpreted with caution, as confounding by indication may play a significant role. Between 1989 and 1998, women treated by mastectomy had lower breast cancer-specific mortality than women treated by BCS alone, whereas between 1999 and 2004, no difference was found. The results were stratified because we assumed that the DCIS cases diagnosed between 1999 and 2004 better reflect current DCIS cases (more screen-detected) than our study population diagnosed between 1989 and 1998. However, there was no statistically significant effect modification by period of diagnosis. Our findings could be explained by improved surgical treatment planning in the latter period, in which the incidence of DCIS increased rapidly and results from randomized controlled trials focusing on BCS were published. [22] [23] [24] [25] Moreover in a meta-analysis of the randomized controlled trials studying the effect of radiotherapy after BCS between 1985 and 1999, no difference between among groups was detected. 26 Furthermore, a large observational study, including both BCS and mastectomy between 1998 and 2011, did not report association between treatment and breast cancer mortality. 4 Importantly, the women in our study population were not treated with tamoxifen as part of DCIS treatment, because the clinical guidelines in the Netherlands do not recommend endocrine therapy for women with DCIS.
Remarkable, women who developed ipsilateral IBC appeared to have higher risk of dying from breast cancer than women who were diagnosed with contralateral IBC, a finding which is supported by a study from Narod et al. 4 The difference in outcome after subsequent ipsilateral versus contralateral invasive disease might be explained by potentially more aggressiveness of subsequent ipsilateral IBC after treatment than of new primary tumor in the untreated contralateral breast.
In our study, 162 DCIS patients without subsequent IBC died from breast cancer. From all 8873 women with DCIS who did not develop IBC, this is only a small fraction (1.8%). When a woman with a history of DCIS dies from breast cancer, either the invasive component was unrecognized at the time of DCIS diagnosis, DCIS was left behind after treatment and progressed to IBC, or a new primary IBC developed. Therefore, among women with pure DCIS in our study, we hypothesize that true breast cancer deaths are the result of unrecognized, undetected, or unregistered IBC. Another possibility is that these women in fact did not die from breast cancer, but were registered on their death certificate as such. Also in 2 previous studies breast cancer deaths among women who did not have any IBC registered according to population-based cancer registry data were observed (9/2884 ¼ 0.3% and 517/108,196 ¼ 0.5%, respectively). 4, 8 Our study has several limitations. The interpretation of mortality statistics is usually complicated by uncertainties about the degree of misclassification of causes of death. However, Harteloh et al 27 showed that for major causes of death, such as cancers, or acute myocardial infarction, reliability of cause of death statistics in the Netherlands was higher than 90%.
Moreover, we could not rely on pathology and clinical record review with respect to the diagnoses of primary DCIS and subsequent IBC because of the extensive and anonymous dataset. For example, some primary DCIS may have been unrecognized IBC during tumor sampling. Further, the Netherlands Cancer Registry might have missed some subsequent IBC, although their coverage is at least 96%. 12, 28, 29 In addition, we had no information on estrogen receptor status, comedonecrosis and lesion size, all factors that predicted breast cancer mortality in a study from Narod et al. 4 However, we were able to evaluate DCIS grade in women diagnosed between 1999 and 2004, and also found that the risk of dying from breast cancer increased with higher grade. Similar to the finding of Narod et al, 4 we previously observed that high grade DCIS was, however, not associated with an increased risk of subsequent ipsilateral invasive breast cancer compared with low grade DCIS. 30 Strengths of our study include its large size and populationbased character. We were able to combine information on DCIS and subsequent IBC from the NCR with cause of death data from Statistics Netherlands. Furthermore, information from PALGA could be used to validate and complete treatment data. As a result, we had the unique opportunity to study a nationwide DCIS cohort with accurate and complete treatment information and follow-up.
In conclusion, DCIS patients >50 years had lower risk of dying compared with women in the general population, which may reflect differences in health behavior. Women diagnosed with primary DCIS had higher risk of dying from breast cancer than women in the general population, but absolute risks were low: cumulative breast cancer mortality 10 years after DCIS was 2.3% for women <50 years and 1.4% for women >50 years treated for DCIS between 1999 and 2004. The relative and absolute risk estimates provided in this study are important input for health care providers when counselling women diagnosed with DCIS.
